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ABSTRACT 
 
Finger jointing of short off-cuts for structural purposes particularly for lightweight roof truss and 
prefabricated timber house is likely an economical method of minimizing wastage and generating 
benefits. The primary goal of this research is on the possibility of using finger-jointed timber with 
metal plate connectors for structural purposes, i.e. in trusses: internal members, top and bottom chord. 
This research assessed the strength properties of finger-jointed Strength Group B timber and the 
influence of number of joints and its positioning on strength. The glue applied for finger jointing is 
polymer isocyanate adhesive or commercially known as Koyo glue. Bending, compression and tension 
tests were carried out and the results show that the efficiency of the joints in relation to the strength of 
the unjointed specimens were greatly influenced by the positioning and number of joints. The results 
obtained from tests indicated that modulus of rupture decreases with the presence of finger joint while 
modulus of elasticity is not affected. Tests on the performance of connection with metal plate using 
finger-jointed timber showed small difference in the basic working load as compared to the unjointed 
specimens. The study suggests that the combination use of finger-jointed timber with metal plate 
connector for structural purposes is acceptable depending on the joint efficiency, the position and 
number of the finger joint in the member, and the type of stresses (i.e. compression, tension or bending) 
in the member.  
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INTRODUCTION 
 
  The use of wood for structural purposes has been challenged significantly since the last few decades 
due to the fast development of new building materials such as steel, concrete and composite materials. 
With the environmental awakening of many people in this millennium end, the harvesting of timber has 
aroused tremendous disputes due to a number of irresponsible loggers who logs for their own gain 
without replanting the trees (Anon., 1990a) thus reducing the availability of timber and increasing its 
cost. On the other hand, timber construction industry in particularly the manufacture of lightweight 
trusses using metal plate connectors is generating a substantial amount of wastage in their off-cuts. This 
calls for new development in timber engineering by finger-jointing these off-cuts to be used as 
structural components, i.e. internal members, bottom chord and top chord of a metal plate connected 
wood truss. 
 
In order to produce long lengths of structural timber from commercially available stock lengths it is 
necessary to end joint the pieces with a joint possessing known structural characteristics. There is at 
present, an increasing demand for methods of end-jointing sawn timber for structural purposes. This 
will enable any length of either solid or laminated timber to be obtained and which can also be used to 
join off-cuts of timber, which would otherwise be wasted. 
 
There have been countless studies made in the field of finger joint and metal plate connection abroad. 
However, there are very limited studies in the case of tropical hardwoods in Malaysia. With the lack of 
research in metal plate connection for tropical timber, the metal plate connection design parameters are 
left unverified. On the other hand, inadequate supply of timber today has forced timber roof truss 
fabricators to look into the possibility of finger jointing off-cuts to obtain long length timber for 
structural purposes. What are the factors affecting the tensile strength in a metal plate connected joint? 
What is the strength properties of a finger-jointed timber and is there any strength reduction when the 
position of the finger joint varies with the load placement? Is the use of finger jointed timber with metal 
plate connectors possible? What is the behaviour and performance of a connection with metal plate if 
finger-jointed timber is used? What happens if the position of the finger joint coincides with the plate 
area or outside the area of the plate? This research attempts to answer these questions. 
 
The objectives of this research are categorised into four main components as follows: 
i.) To investigate the suitability of using finger jointed timber with metal plate connectors for 
structural purposes in particularly for trusses and prefabricated timber houses. 
ii.) To investigate the strength differences that may occur when the position of the finger joints 
changes. 
iii.) To assess the strength properties as in bending, compression and tension of finger jointed 
members compared to unjointed members. 
iv.) To determine the basic working load per tooth for a particular metal plate type in a strength group 
timber by means of tensile loading parallel and perpendicular to the grain for both unjointed and 
finger jointed members and to investigate the variation. 
  
LITERATURE REVIEW 
 
Acceptance of finger joints for structural purposes has been rather slow since little is known of their 
strength. Today, the factors affecting the strength properties of finger joints are more clearly 
understood and it is possible to produce joints of a strength commensurate with the strength of 
commonly used stress grades of timber (Wardle, 1967). Finger joints can take various forms depending 
on the length and pitch of the fingers and the width of their tips. Suitable profiles of finger joints for 
structural members have found to be of length from 50 mm to 62.5 mm, although a joint with a length 
of only 30 mm has been found to have the necessary strength (Dawe, 1963). However, through recent 
studies, generally, structural finger joints are considered to be of two basic types which are the longer 
finger joints which are deliberately made with a small gap at the tips to ensure contact on the sloping 
sides, and the more recent but well established short joints which have no measurable gap at the tips as 
given in Figure 1 (Baird and Ozelton, 1984). The use of finger joints in a structural situation according 
to BS 5268: Part 2 (Anon., 1984c) is either to require a finger joint to have a certain efficiency in 
bending when using timber of a certain stress grade without carrying out a design check on the actual 
stress combinations, or to design for the actual stress combinations and provide a joint accordingly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Types of structural finger joint [Baird and Ozelton, 1984] 
 
The strength of finger joint is commonly rated by its joint efficiency whether in bending, tension or 
compression expressed as a percentage of that particular strength properties of unjointed defect free 
timber of the same cross-section and species. The method of test is found in BS 5291:1984 (Anon., 
1984a) and normally no finger joint with an efficiency in bending of less than 50% should be used 
structurally as stated in BS 5268 : Part 2 (Anon.,1984c). Table 1 shows the available joint profiles and 
their respective efficiency ratings used as design guide. The joint efficiency in tension is usually taken 
as having the same efficiency value as in bending while in compression, it is taken as close to 100%. 
 
 
Table 1. Guide to the efficiency ratings of some finger joint profiles in bending, tension and 
compression [BS5291:1984] 
 
 Finger Profiles  Efficiency in Efficiency in 
Length 
(mm) 
Pitch 
(mm) 
Tip Width 
(mm) 
bending and tension 
(%) 
compression 
(%) 
55 12.5 1.5 75 88 
50* 12 2 75 83 
40 9 1 65 89 
32* 6.2 0.5 75 92 
30 6.5 1.5 55 77 
30 11 2.7 50 75 
20* 6.2 1 65 84 
15* 3.8 0.5 75 87 
12.5* 4 0.7 65 82 
12.5* 3 0.5 65 83 
10 3.7 0.6 65 84 
10 3.8 0.6 65 84 
7.5 2.5 0.2 65 92 
* common profiles 
 
where, l = length 
p = pitch 
t = tip width 
Early works done by Brock and Chu (1973) on Keruing species revealed that a 12.5 mm length finger 
joint using a synthetic resin glue of the resorcinol-formaldehyde type has a joint efficiency of 51 % in 
bending and in tension. Test on light red meranti found that the maximum compressive stress of 
horizontally finger jointed specimens was about 37.5 % greater than that of unglued specimens (Tan, 
Y.E., 1992). 
 
For use in design, strength values obtained from laboratory tests are adjusted to meet the conditions 
that may be imposed on the materials in service, hence working load is derived. This is normally done 
by making an allowance for variability in the materials and then using a load factor to allow for such 
things as duration of loading, variation in shape and size, accidental overloading, faults in 
workmanship and etc. To allow for variability in the materials, a minimum value is calculated based on 
confidence intervals of either 99 % or 95 % (Sunley and Brocks, 1965). The working load for the 
device is therefore obtained from the general formula: 
 
f
kSDXBWL    (1) 
where,  X  = mean ultimate load 
  SD = standard deviation 
  f  = load factor 
  k  = 2.33 for 1% exclusion for n =  
 
EXPERIMENTAL METHODOLOGY 
 
The tests which involved strength properties of finger jointed specimens are based on BS5820:1979 – 
Methods of test for determination of certain physical and mechanical properties of timber in structural 
sizes (Anon., 1979), and BS5291:1984 – Specification for manufacture of finger joints of structural 
softwood (Anon., 1984a). Tests conducted for the performance of connection with metal plate are 
based on AS1649 Australian Standard for Timber – Methods of test for mechanical fasteners and 
connectors – basic working loads and characteristic strengths (Anon., 1998). Timber of nominal size 50 
mm (t) x 75 mm (w) cross section from strength group B timber were used for both control and finger 
jointed specimens. The choices of size and timber strength group are based on the commercial and 
industrial practices. Strength group B timber is the most commonly used for lightweight roof truss 
fabrication (Anon., 1993). All specimens were selected from the same strength group but not of the 
same log and species. Metal plate connectors of size 100 mm (l) x 100 mm (w) x 1 mm (t) were 
supplied by an Australian system provider commonly used in the local truss industry. The metal plates 
are hot-dipped zinc coated and have a minimum corrosion resistance of 300 g/m2 of zinc. The plate has 
0.0124 teeth per square mm or 8 teeth per square inch. 
 
The preparation of the test specimens was divided into two categories. The first category is for strength 
properties assessing the bending, tension and compression strength with respect to finger joint location 
as given in Table 2 and 3. The selected finger joint profile is 12.5 mm in length, 4 mm in pitch and tip 
width of 0.7 mm. The finger profile is seen on the wide face. The finger cutting process was carried out 
using a 12.5 mm cutter in accordance to BS5291:1984 (Anon., 1984a). The adhesive applied is a water 
based resin which bears a chemical name of polymer isocyanate adhesive. The adhesive is 
commercially produced by Koyo Sangyo Company Limited. The second category is for performance of 
connection with metal plate where all joints were fabricated into two main configurations – parallel and 
perpendicular to the grain of timber member as given in Table 4 and 5 (see also Figure 2).  
Table 2.  Four Point Bending Parallel to the Grain Test Beam Size 37 mm x 67 mm x 1500 mm 
 
Test Group I A I B I C I D I E I F 
Finger Joint 
Location (x) * 
Unjointed 
(control) 
L/2 L/3 L/3, 2/3 L L/4 L/4, ¾ L 
Number of 
Specimen 
10 10 10 10 10 10 
Note *: x value is the distance from the end support of the beam and L is the span of the test beam. 
 
Table 3. Compression and Tension Parallel to Grain Tests 
 
Test Group II III 
Test Type Compression // Grain Tension // Grain 
Timber Size (mm) 37 x 67 x 300 37 x 67 x 700 
Number of 
Specimen 
Control 10 10 
Finger Jointed * 10 10 
Notes *: Finger joints to be at the center of the length of every specimen. 
 
Table 4. Connection with Metal Plate – Tensile Parallel to Grain  Size -2 of 37x67x360 
 
Test Group IV A IV B IV C IV D 
Finger Joint Location (y) 
mm * 
Control 15 45 60 
Number of Specimen 10 10 10 10 
Notes *: The finger joints location is only on one parallel member in which the value y is the distance 
from the butt joint end to the center of the finger joint (see Figure 2). 
 
Table 5. Connection with Metal Plate – Tension Perpendicular to Grain Size – 1 of 37x67x360 for // 
and 1 of 37x67x600 for  
Test Group V A V B V C V D V E 
Finger Joint Location  
(mm) * 
y Control None None 25 60 
x Control 300 320 300 350 
Number of Specimen 10 10 10 10 10 
Notes *: The x value is the distance of the left end of the perpendicular member to the center of the 
finger joint and value y is the distance from the butt joint end to the center of the finger joint 
(see Figure 2). 
 
RESULTS AND DISCUSSION 
 
Strength of Finger Jointed Members 
 
The values of modulus of elasticity showed little difference between the values for the jointed and 
unjointed specimens. This indicates that MOE is not affected by the number of finger joints and the 
position of the joint in the specimens. Figure 3 shows that the difference in modulus of elasticity ranges 
between a ratio of 2.18 % and 16.40 % to that of the control specimen.. Therefore, for practical  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
purposes the joints can be assumed to have no effect on modulus of elasticity. The average tensile 
stress is substantially decreased with the presence of a finger joint, with an average joint efficiency of 
26 % (see Table 6). Finger jointed members under compression however, do not exhibit a significant 
difference in strength compared to unjointed members. A 91 % joint efficiency is obtained but with a 
high variation by comparison (see Table 6). This concludes that finger-jointed members are 
considerably poor in tension but has no effect on compressive strength compared to unjointed 
members. There is a consistent drop in strength when two finger joints are added and positioned 
equally along the span, i.e. finger joints at L/3 and 2/3 L, and L/4 and 3/4 L. There is also a strong 
decreasing correlation affirming that MOR is inversely proportional to the number of finger joints. 
 
Finger Jointed Members with Metal Plate Connectors 
 
There is only a small difference in strength in the performance of connection with metal plate test 
between the finger-jointed specimens and control specimens as shown in Figure 4. It is difficult to 
achieve any concrete conclusion as the standard deviations are found to be high and non-uniform. 
Although a metal plate connector with teeth coinciding in a certain way with a finger joint can reduce 
the strength of the finger joint, it is found that the residual strength is still significant by comparison 
with the control specimens (see Figure 4). 
 
 
 
Figure 2. Joint configurations for metal plate connection tests: (i) Tension test parallel to the 
grain showing value “y” for the positioning of the finger joints, (ii) Tension 
perpendicular to the grain showing values “x” and “y” for the positioning of the finger 
joints. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 6. Finger jointed mean maximum stresses at 5% exclusion level 
 ( * Note: Standard deviation given in square bracket ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
CONCLUSION 
 
Based on the assessment on the results of strength properties tests, i.e. bending, tension and 
compression, and performance of connection with metal plate, finger-jointed timber could be used with 
metal plate connectors for structural purposes. However, this is subjected to the finger joint efficiency 
and the type of stress the finger-jointed member is to carry. Since finger-jointed timber is poor in 
tension, it is important to avoid placing it under tension. Since compressive stress does not reduce the 
strength of finger-jointed timber, it is practical to use finger-jointed timber as compression members. 
Where there is a combination of stresses, i.e. bending and tension or bending and compression, the joint 
efficiency is the determining factor. Therefore, it is necessary to ensure that the finger joints be 
positioned in a structural member at non-critical points where the stress is in keeping with the 
efficiency rating recommended by BS5291:1984 (Anon., 1984a). Finger joint under metal plate 
connectors subjected to tensile loading is found to have no significant tearing or splitting on the finger 
joint. Withdrawal failure of the plate happened first in all the tests. There is a small loss of strength in 
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Figure 4. Relationship between test group grain 
orientation and BWL 
Figure 3. Relationship between modulus of 
elasticity and finger joint positioning 
 
Test 
Group 
Mean Max. Stress, x  
(MPa) * 
x  at 5% exclusion 
(MPa) 
Strength 
Efficiency (%) 
Bending    
I A (control) 62.26 [14.964] 33.53  
I B 33.58 [6.752] 20.62 61.50 
I C 27.61 [9.098] 10.14 30.24 
I D 19.77 [8.590] 3.28 9.78 
I E 34.96 [11.750] 12.40 36.98 
I F 26.73 [8.611] 10.20 30.41 
Tensile    
control 43.67 [7.427] 29.41  
jointed 10.42 [1.396] 7.74 26.31 
Compression    
control 37.23 [2.526] 32.38  
jointed 34.05 [6.393] 21.78 67.26 
 
the finger-jointed member under metal plate connectors compared to the control specimens, but test 
results exhibited wide variation and non-uniformity. With the results, it is proven that although a metal 
plate with teeth coinciding in a certain way with a finger joint can reduce the strength of the finger 
joint, the residual strength is still significant by comparison with the control specimens. There is no 
significant difference in the basic working load values between the finger jointed and solid metal plate 
connected specimens. Applying the Hankinson's formula, the output suggests that there is an average of 
52 % difference between the perpendicular and parallel basic working load. 
 
RECOMMENDATION FOR FUTURE WORKS 
 
The primary goal of this research is to look into the possibility of using finger-jointed timber with 
metal plate connectors for structural purposes. This study is considered the first step into this attempt. 
Much have been discovered and contributed. However, in order to draw concrete conclusions as to the 
possibility of this method and other developments, more works and studies have to be done. Therefore, 
the following recommendations are suggested for future research: 
1. Similar testing but using only one species of timber, for example Keruing or Tualang, to create a 
more controlled data and better comparisons. 
2. A larger number of specimens to establish the strength properties of finger jointed timber. 
3. Study the suitable structural adhesive and the correct method of application to enable even spread. 
4. Test for strength properties of two or three different finger joint geometry for comparisons to 
ascertain the most optimum geometry. 
5. A full truss test with finger jointed members will be good to discover the overall behaviour of 
finger joints with metal plate at various critical sections and running a stress analysis. 
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